The DNA-binding site of a previously characterized non-histone chromosomal protein antigen(s) from HeLa cells was investigated for its species specificity. Treatment with large amounts of micrococcal nuclease abolishes immunoactivity, which can then be recovered by the subsequent addition of human or HeLa DNA to reconstitute the immune complex. Neither rat nor calf DNA exhibits this property, but DNA from monkey cells gives considerable activity. The antigen is not, however, detectable in monkey chromatin.
Among the diverse groups of non-histone chromosomal proteins which are amenable to immunological analysis, the tight-binding group is the most difficult to subject to a detailed study. Many of the proteins that show cell specificity, and consequently have potential for analysis as determinants of phenotypic expression, have such altered physicochemical characteristics in the absence of DNA that they precipitate under normal solution conditions (Campbell et al., 1978 Briggs et al., 1979) . One such protein, or group of proteins, previously shown to be absolutely specific to HeLa cells falls into this category. Treatment with the small amounts of micrococcal nuclease sufficient to fragment chromosomal DNA into nucleosome-sized pieces does not dislodge the antigen(s), and even doses up to 500 units/ml per mg of chromatin have no effect on immunoactivity as judged by complement-fixation and immunocytochemical techniques. However, treatment with 2000 units of nuclease/ml per mg eventually abolishes immunoactivity. The antigen has previously been shown to be physically located on the scaffold region of metaphase chromosomes, where certain DNA sequences are suggested to occur with high frequency Adolph et al., 1977 (v/v) calf serum. Chromatin was prepared as described previously . Human placental DNA, rat liver DNA, green-African-monkey kidney DNA and HeLa DNA were prepared by phenol extraction in the presence of 0.5% sodium dodecyl sulphate and 10mM-EDTA (Thomas et al., 1966 Wasserman & Levine (1961) . The antisera were from the same group of animals . Staphylococcal-nuclease digestion was carried out in 10mM-Tris/HCI/40mM-NaCl/1 mM-phenylmethanesulphonyl fluoride/i mM-CaCl2, pH 7.5. The nuclease (Worthington) was used at 2250units/100,ug of chromatin DNA and incubated at 370C for 90min. Some batches of nuclease did not have the stated specific activity, so activity was monitored by the manufacturers' assay before use. The reaction was stopped by adding EDTA to a final concentration of 2.5 mm. The DNA was then added back to the final concentration shown, and the complementfixation assay was carried out as for normal chromatin without any additional incubation periods.
Results
Fig. 1 demonstrates two main features of the reconstitution experiment. Firstly it shows that almost total recovery of activity is possible on the re-addition of DNA, thus indicating that the loss of activity on digestion with massive amounts of enzyme reflects genuine dislodgement of the protein from the DNA and not the presence of endogenous proteinase or some other inhibitory factor in the commercial nuclease preparation. Secondly it shows that human and HeLa-cell DNA are virtually interchangeable for this purpose. This second factor of information was not necessarily to be expected, since the HeLa cell line is known to have unusual ploidy and to have been in culture for more than 20 years, so that in fact some sequences might well be expected to be present in different ratios from those in human placental DNA. The data show either that this is not the case, or that there are ample sites on the DNA for the numbers of antigen molecules present in the chromatin, so that the availability of a DNA-binding site for the reconstitution process is not a limiting factor. Fig. 1 also confirms that the DNA itself has no immunological reactivity.
In Fig. 2 , the question of the nature of the DNA required for reconstitution is investigated. It is immediately clear that not all types of DNA are effective and that specific DNA sequences must be involved in binding. Thus neither calf nor rat DNA can resolubilize the antigens, so that complement-fixation activity is regained even at high concentrations. On the other hand, the DNA from green-Africanmonkey kidney cells leads to a reconstitution almost as good as with human or HeLa DNA. No trace of the antigen can be found in the chromatin proteins of green-African-monkey kidney cells, as would be expected, since the antigen seems to be totally confined to HeLa cells in its location Briggs et al., 1979 
Discussion
Any chromosomal complex that can only be assayed in the presence of two discrete components is difficult to analyse in terms of the nature and extent of the role played by each of the two individual parts of the system. This is particularly true in the case of the DNA-binding group under analysis, and yet is a desirable aim.
One of the most reliable methods of allocation of specific gene functions to certain chromosome locations is by interspecies somatic-cell fusion and subsequent isoenzyme analysis (Ringertz & Savage, 1976) . Experiments with HeLa cells and Chinesehamster kidney cells have shown that this antigen can be expressed in some interspecies hybrids and not in others (J. Dunn, B. Carrit & A. M. Campbell, unpublished work) , and it has therefore become necessary to ask whether in such hybrids one is looking for two genes which are not necessarily on the same chromosome(s). The presence of the gene coding for the HeLa-cell antigen(s) itself is not sufficient for the detection of immunoactivity if the DNA-binding site is not present as well.
The experiments described in this paper show that total reconstitution of DNA-protein complexes to their original immunoactivity is possible in this system. Many of the recent experiments involving reconstitution of chromatin proteins have been held in some doubt with respect to their transcriptional properties, but this dissociation would appear to be entirely reversible. The nature of the binding of the two components is not clear and has been discussed before , but it would appear that the DNA sequence is essential to solubilize the antigen and prevent its aggregation. It could also be argued that there is a different massive conformational change in the antigen in the absence of the DNA, such that the antigenic sites are no longer recognized but aggregation is not involved. It may be interesting to note in this context that the antibody appears to give little protection against digestion of the DNA-binding site by micrococcal nuclease (A. M. Campbell, unpublished work).
The evolutionary conclusion that can be drawn from the experiments described is that the sequence is largely conserved among primates and is not undergoing the rapid evolution characteristic of satellite-DNA molecules. In this context it will be of interest to attempt an analysis of the frequency class of the DNA molecules required for reconstitution, since it seems unlikely that a complex that occurs only once per haploid genome would be readily detectable in the small amounts of material used for assay, however sensitive the assay. If the sequence is primate-specific, then it can be argued that some evolutionary advantage has been conferred by the possession of the sequence, but that the only cell line yet shown to use this advantage is the HeLa one. However, it may also be that a sequence that performs a similar task is present in other mammalian genomes such as calf, but that it does not recognize the HeLa-cell protein. It is perhaps worth noting that the decrease in affinity is not a minor gradation, since much larger amounts of DNA in reconstitution experiments do not increase the complementfixation activity of the complex.
The species variation of the non-histone chromosomal proteins has been the subject of detailed analysis in several laboratories (Zardi, 1975; Sevall et al., 1975) , and in at least one case species specificity of the tight-binding proteins in a cross-species cell hybrid has been reported (Tsusui et al., 1977) . The present paper reports the analysis of the species variation of the binding site of a partially characterized cell-specific protein whose chromosomal location on the scaffold has been established. Actual isolation and sequencing of the DNA-binding site will depend on progress in purification of the adequate amounts of the cell-specific HeLa antigen.
